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Abstract 

Background: Our purpose was to investigate the clinical efficacy of arthroscope-assisted acromioclavicular ligament 
reconstruction in combination with double endobutton coracoclavicular ligament reconstruction for the treatment 
of complete acromioclavicular joint dislocation. 

Methods: During the period from February 2010 to October 2012, ten patients with Rockwood types IV and V 
acromioclavicular joint dislocation were hospitalized and nine were treated with acromioclavicular ligament 
reconstruction combined with double endobutton of coracoclavicular ligament reconstruction. The improvement in 
shoulder functions was assessed using a Constant score and visual analog scale (VAS) system. 

Results: The mean follow-up period was 33.6 ±5.4 months. The mean Constant scores improved from 25.2 ±6.6 
preoperative^ to 92.4 ± 6.5 postoperatively, while the mean VAS score decreased from 5.9 ± 1 .4 to 1 .2 ± 0.9; significant 
differences were observed. The final follow-up revealed that excellent outcomes were achieved in eight patients and 
good outcome in two patients. 

Conclusion: Arthroscope-assisted acromioclavicular ligament reconstruction in combination with double endobutton 
of coracoclavicular ligament reconstruction is an effective approach for treatment of acute complete acromioclavicular 
joint dislocation. 

Keywords: Acromioclavicular joint dislocation, Acromioclavicular ligament, Arthroscope-assisted, Horizontal stability, 
Reconstruction 



Background 

Acromioclavicular joint dislocation is a common injury, 
which accounts for about 9% of all shoulder injuries [1]. 
It ranks second only to glenohumeral joint dislocation, 
with a higher incidence in athletes. 

The biomechanics of the acromioclavicular joint in- 
volve static stability, dynamic stability, and acromioclavi- 
cular joint motion. Static stability is supplied by the 
acromioclavicular, coracoclavicular, and coracoacromial 
ligaments, while dynamic stability is maintained by the 
deltoid and trapezius muscles [2]. According to the 
Rockwood classification [3], both static instability and 
dynamic instability occur in types IV to VI. Therefore, 
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surgical treatment is advised for treatment of Rockwood 
types IV to VI, while conservative treatment is employed 
for treatment of Rockwood types I and II [1,4], However, 
there is a discrepancy in the treatment of Rockwood 
type III [5]. 

Since Cooper firstly introduced the treatment of surgical 
fixation in 1861, surgical techniques for reconstructing or 
repairing acromioclavicular joint dislocation have evolved 
over the last decades [6]. However, a golden standard pro- 
cedure has not emerged. The majority of previous proce- 
dures focus on reconstruction of the coracoclavicular 
ligament to recover the stability of acromioclavicular joint, 
but few studies are reported regarding acromioclavicular 
ligament reconstruction. Moreover, biomechanical studies 
demonstrate that the horizontal stability of the acromio- 
clavicular ligament cannot be completely restored by re- 
construction of other ligaments [7]. 



o 
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A double endobutton technique was first introduced 
by Struhl [8]. In his study, he modified an endobutton 
coracoclavicular ligament device by adding a second 
endobutton to the construct, creating a knotless fixation. 
In this study, we combined arthroscope-assisted acro- 
mioclavicular ligament reconstruction with this double 
endobutton technique of coracoclavicular ligament re- 
construction, to treat acute complete acromioclavicular 
joint dislocation, so as to investigate the role of acromio- 
clavicular ligament reconstruction in treatment of acro- 
mioclavicular joint dislocation. 

Methods 

Subjects 

All studies conformed to the World Medical Association 
Declaration of Helsinki (June 1964) and subsequent 
amendments. The research protocol was approved by 
the local ethical committee or equivalent (Shanghai 
First People s Hospital Affiliated to Shanghai Jiaotong 
University ). In total, ten patients with acromioclavicu- 
lar joint dislocation receiving acromioclavicular liga- 
ment reconstruction during the period from February 
2010 to October 2012 were enrolled, including five 
men and five women, with an average age of 46.4 ± 
13.1 years old. The dominant shoulder was involved in 
five patients (50%). The causes were traffic accident in- 
jury in five cases, falling injury in four cases and sports 
injury in one case, and all were closed injuries. According 
to the Rockwood classification [3], type IV dislocation (the 
clavicle is displaced posteriorly into the trapezius muscle) 
was found in seven cases, and type V dislocation (the clav- 
icle is elevated between 100% and 300%) was observed in 
three cases. One case was complicated by craniocerebral 
trauma, four cases were complicated by multiple rib frac- 
tures, two cases were complicated by pneumothorax, and 
three cases were complicated by scapular fractures. The 
average time from injury to surgery was 4.3 ± 2.7 days. 

Diagnosis of acromioclavicular joint dislocation relied 
on physical examination and radiographic inspection. 
Clinical signs included swelling of the injured shoulder, 
tenderness of the acromioclavicular joint, a positive 
piano-key sign, a bone rubbing feeling and limitation of 
shrug activity. The horizontal stability of the acromiocla- 
vicular joint was assessed. For this evaluation, the clinician 
stabilized the acromion of the normal shoulder with one 
hand, grasped the midshaft of the affected clavicle with 
the other hand, and gently translated the affected clavicle 
anterior-posteriorly. Radiographic evaluations included 
anteroposterior X-ray of the bilateral acromioclavicular 
joint, Zanca view oblique X-ray, and an additional stress 
X-ray for the dislocation with unknown classification. 
If Rockwood type IV injury with horizontal instability 
was suspected during the examination, computerized 
tomography (CT) and three-dimensional imaging were 



performed to identify the posterior translation of the 
distal clavicle. 

Surgical procedure 

All patients underwent general anesthesia. The patient 
lay in a beach-chair position with the head turned away 
from the injured shoulder. A vertical incision was made 
from the posterior edge of the acromioclavicular joint 
toward the coracoid tip along the Langer s line. Medial 
and lateral skin flaps were slightly developed. Any rup- 
ture of the deltoid and trapezius fascia was visualized 
and these were reattached if necessary. The anterior part 
of the deltoid was split along with its fibers, and the cor- 
acoid process was visualized and cleared off all the way 
to the base. The medial and lateral edges of the cora- 
coids at the base and the knee were carefully identified. 

Reconstruction of the coracoclavicular ligament was 
performed using the double endobutton technique intro- 
duced by Struhl [8]. The operation steps of reconstruc- 
tion of the acromioclaviclar ligament are as follows: 
Firstly, the shoulder arthroscope was inserted into the 
subacromial space from the posterior portal, which was 
1 cm inferior and medial to the posterior corner of the 
acromion, and the lateral portal was selected as the per- 
forming passage. A suture anchor (M in Figure 1) (Mitek 
FASTIN RC, Depuy) was screwed into the distal clavicle 
0.5 cm from the acromioclavicular joint (Figure 1), and 
two bone holes were drilled in the acromion at 0.5 cm 




Figure 1 Diagram for acromioclavicular ligament 

reconstruction. (A) Anteroposterior view; (B) vertical view. 
v> . J 
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from the acromioclavicular joint with an interval of 
0.8 cm (A and B in Figure 1). In addition, two bone 
holes were drilled in the acromion at 0.8 cm from the 
acromioclavicular joint with an interval of 2 cm, namely 
in the site approximate to the extending line of the an- 
terior and posterior edges of the clavicle (C and D in 
Figure 1). The four strands of sutures were divided into 
two groups. One group of sutures was threaded into the 
subacromial space via hole A from top to bottom, and a 
polydioxanone (PDS) thread was threaded into the suba- 
cromial space via hole C from top to bottom. Under arth- 
roscopy, the tails of the sutures and PDS thread were 
pulled out from the lateral performing passage and knot- 
ted together. Then the sutures were pulled through hole C 
from bottom to top by pulling the PDS end upon the 
acromion. In the same way, the other group of sutures 
was threaded downward through hole B, and then crossed 
upward through hole D. Then a bone hole was drilled in 
the distal clavicle 0.8 cm from the acromioclavicular joint 
from anterior to posterior (E and F in Figure 1), and this 
group of sutures was threaded through this bone hole and 
knotted with the first group of sutures. Before knotting, 
the acromioclavicular joint dislocation should be com- 
pletely reduced, and the two groups of sutures should be 
tightened. Subsequently, the sutures MA and MB func- 
tioned as a reconstruction of the superior strut of the 
acromioclavicular ligament, while the sutures CE and DF 
functioned as a reconstruction of the anterior and poster- 
ior struts, respectively. The deltoid and trapezius fascia 
were sutured before the wound was closed. 

Postoperative management and evaluation 

Postoperatively, passive motion of the shoulder was car- 
ried out under the guidance of physiotherapists. Four 
weeks later, progressive active exercise of the shoulder 
was started, and daily activities resumed 3 months after 
surgery, while sporting activities were permitted after 
6 months of surgery. 

Each patient was followed up every 4 weeks for 
6 months, every 3 months for another 18 months, and 
annually thereafter. The follow-up included clinical inquiry 
and physical examination, and X-rays were taken. A Con- 
stant shoulder score and visual analog scale (VAS) system 
was employed for outcome assessment in the final follow- 
up. According to the grading of the Constant shoulder 
score [9], an excellent outcome was defined as a score be- 
tween 90 and 100 and a good outcome was defined as a 
score between 75 and 90. 

Statistical analysis 

All statistical analyses were performed using the Statis- 
tical Package for Social Sciences (SPSS) version 13.0 
(SPSS Inc., USA). The differences in the Constant and 
VAS scores were tested for statistical significance with 



the paired t test before and after surgery, with a P value 
<0.05 considered statistically significant. 

Results 

Of the total ten cases, seven patients with Rockwood 
type IV dislocation and three patients with Rockwood 
type V dislocation underwent surgical treatment of 
arthroscope-assisted acromioclavicular ligament recon- 
struction in combination with a double endobutton 
technique for coracoclavicular ligament reconstruction 
(Figures 2 and 3). One patient (case 2) with acromiocla- 
vicular joint dislocation complicated by acromial and 
coracoid fractures with Rockwood type IV dislocation, 
with an entire coracoclavicular ligament, did not receive 
the double endobutton treatment for coracoclavicular 
ligament reconstruction, but only underwent acromiocla- 
vicular ligament reconstruction to stabilize the acromio- 
clavicular joint, tension band fixation for the acromial 
fracture and screw fixation for the coracoid fracture. The 
four weeks follow-up after surgery found mild upward 
translation on the distal clavicle in comparison with that 
on the opposite side, and no further aggravation of the 
translation was observed thereafter. The final Constant 
score was 83, and gross satisfactory function was achieved. 

All ten subjects were followed up (Table 1), with a 
mean follow-up period of 33.6 (24 to 40) months. Dur- 
ing the follow-up period, no complications of infections, 
clavicle or coracoid fracture, or endobutton translation 
were observed. According to the grading of the follow-up 
Constant scores, excellent therapeutic efficacy was achieved 
in eight cases (80%), and good therapeutic efficacy was 
achieved in two cases (20%) (Table 2). The Constant shoul- 
der scores were significantly improved after surgery 
(25.2 ± 6.6, preoperatively vs. 92.4 ± 6.5, postoperatively; 
P < 0.001) (Table 2). The mean VAS score was 1.2 ± 0.92 
after surgery, compared with 5.9 ± 1.5 before surgery, and 
a significant difference was found (P < 0.001) (Table 3). 

Discussion 

The majority of acromioclavicular joint dislocations are 
caused by direct trauma. The force on the superolateral 
shoulder while falling causes inferior medial translation 
of the acromion relative to the distal clavicle. As the se- 
verity of the translation increases, the acromioclavicular 
ligament is first injured, followed by the coracoclavicular 
ligament, and finally, the deltoid and trapezius fascia [1]. 
The shoulder girdle, which is composed of the acromio- 
clavicular, sternoclavicular, and scapulothoracic joints, 
plays an important role in maintaining the normal func- 
tions of the shoulder. Acromioclavicular joint dislocation 
not only produces such symptoms as pain and abnormal 
activity of the acromioclavicular joint, but also greatly af- 
fects the strength of the whole upper limb and flexibility 
of movement. 
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Biomechanical studies found that the horizontal stabil- 
ity of the acromioclavicular joint was mainly mediated 
by the acromioclavicular ligament. The superior and 
posterior acromioclavicular ligaments are the major 
structures responsible for limiting the posterior trans- 
lation of the distal clavicle [10], producing 56% and 
25% of the limitation, respectively [11], indicating that 
the acromioclavicular ligaments can effectively control 
the posterior translation of the distal clavicle. Although 
the inferior acromioclavicular ligament is thin, it is the 
main structure that limits the anterior translation of 
the distal clavicle [12], Debski et al. found that transec- 
tion of the acromioclavicular joint capsule resulted in a 
significant increase in anterior translation (6.4 mm) 
and posterior translation (3.6 mm) but not in superior 
translation [7]. Anterior and posterior loading leads to 
significantly increased forces in the coracoclavicular 
ligaments, suggesting that the coracoclavicular liga- 
ments can partially compensate for the injured capsule 
in resisting horizontal loading conditions. However, 
the significant increases in the anterior translation and 
posterior translation demonstrate that the vertical coraco- 
clavicular ligament cannot effectively restrain against 



anteroposterior instability. The main vertical stabilizer of 
the acromioclavicular joint is the coracoclavicular liga- 
ment, in which the conoid ligament served as a primary 
restraint against vertical loading, followed by the trapezoid 
ligament. 

There are various surgical procedures for treating 
acromioclavicular joint dislocation, but none has yet be- 
come the golden standard procedure. Many surgical pro- 
cedures are modified, but the same complications as the 
original methods are also present. Kirschner s wire and 
tension band are commonly used at an early stage, and 
these exhibit advantages of easy performance and low 
cost. However, Kirschner s wire may destroy the acro- 
mioclavicular joint surface and fibrocartilage plate, and 
is prone to induce acromioclavicular joint degeneration 
and traumatic arthritis. Considering that the acromiocla- 
vicular joint is a type of amphiarthrosis, rigid fixation via 
this joint leads to a high incidence of Kirschner s wire 
breakage or loosening. A high incidence of complica- 
tions is reported, and Kirschner s wire may translate into 
the pleural cavity, spinal cord, and subclavicular space. 
The Bosworth screw method is a stabilization, with 
screws between the clavicle and the coracoid. Such a 
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Figure 3 Treatment of Rockwood type V dislocation. (A,B) Preoperative X-ray and CT scan indicate Rockwood type V acromioclavicular joint 
dislocation. (CD) Postoperative X-ray and CT scan reveal complete reduction of the dislocation. 



fixation impedes the synchronous rotation function of 
the clavicle and scapula [13], and leads to screw loosen- 
ing or cut-out. This method is rarely applied currently. 
Stabilization of the coracoclavicular interval with a steel 
or titanium loop is a form of extra- acromioclavicular 
joint fixation, which does not aggravate the 

Table 1 Demographic characteristics of the patients 



acromioclavicular joint degeneration, and enables move- 
ment in the acromioclavicular joint. However, the fixation 
has common complications of loop rupture, clavicle or 
coracoid fracture, and sub coracoid neurovascular injury. 
Moreover, loop stabilization is a non-anatomical recon- 
struction method, which leads to the anterior 



Case 


Sex 


Age (years) 


Injury side 


Rockwood 
classification 


Time from injury 
to surgery (days) 


Combined injury 


1 


Male 


36 


Right 


IV 


11 


Multiple rib and sternal fractures; pulmonary contusion 


2 


Female 


39 


Left 


IV 


2 


Acromial and coracoid base fractures 


3 


Female 


35 


Right 


V 


3 




4 


Female 


27 


Right 


IV 


4 




5 


Male 


55 


Left 


V 


6 


Multiple rib fractures, left pneumothorax, and scapular fracture 


6 


Female 


37 


Right 


IV 


2 


Pelvic fracture, multiple rib fractures, and pneumothorax 


7 


Male 


67 


Left 


V 


3 


Acromial fracture 


8 


Female 


58 


Left 


IV 


3 




9 


Male 


57 


Left 


IV 


5 


Skull fracture, rib fracture 


10 


Male 


53 


Right 


IV 


4 
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Table 2 Constant score of patients 


Case 


Preoperative Postoperative Outcome 


1 


34 100 


Excellent 


2 


18 83 


Good 


3 


30 96 


Excellent 


4 


26 94 


Excellent 


5 


14 79 


Good 


6 


25 96 


Excellent 


7 


19 96 


Excellent 


8 


32 96 


Excellent 


9 


30 92 


Excellent 


10 


24 92 


Excellent 


Mean 


25.2 92.4 




Standard deviation 


6.563 6.501 




lvalue 


50.150 




P value 


<0.001 




displacement of the distal clavicle in comparison with its 
normal anatomical location [14]. Since the clavicle hook 
plate was first used by Hachkenbruch et al to treat acro- 
mioclavicular joint dislocation and good efficacy was 
achieved, it has been widely applied in clinical practices, 
and better results were achieved by surgical treatment 
with the hook plate than by conservative treatment al- 
though the coracoclavicular ligament was not recon- 
structed [15]. However, this method has problems of 
postoperative shoulder pain, acromial impingement, clav- 
icle bone erosion, and fracture surrounding the fixator. 
The clavicle hook plate should be removed before the mo- 
tion of the shoulder joint recovers to the point that the 
forearm extends to the vertex, namely about 8 to 12 weeks 


Table 3 Visual analog scale (VAS) scores of patients 


Case 


Preoperative 


Postoperative 


1 

2 
3 
4 


4 
6 
6 
3 


0 
1 
1 

0 


5 
6 


8 
6 


3 
1 


7 
8 
9 


7 
6 
6 


2 
1 
1 


10 


7 


2 


Mean 


5.9 


1.2 


Standard deviation 


1.449 


0.919 


lvalue 


22.021 




P value 


0.000 





after surgery, while the premature removal of the plate 
may lead to the risk of loss of reduction [16]. The classical 
Weaver-Dunn procedure is to resect the distal clavicle, and 
transfer the coracoacromial ligament to reconstruct cora- 
coclavicular ligament. Such a technique shows high efficacy 
in the treatment of chronic painful acromioclavicular joint 
dislocations [17]. Many biomechanical studies demon- 
strated weakness of the coracoacromial ligament after re- 
construction, which was about 75% that of the intact 
coracoclavicular ligament [18,19]. It is reported that the 
postoperative failure of acromioclavicular joint reduction is 
20%. In recent years, anatomical reconstruction of coraco- 
clavicular ligaments with autologous tendon has been ap- 
plied more and more widely [18,20,21]. Clinical and 
biomechanical studies showed that, compared with other 
methods, such a reconstruction obtained a strength and 
stiffness that was better approximated to the native struc- 
ture, with obviously better clinical outcomes than that of 
the modified Weaver-Dunn procedure [22]. However, the 
reconstruction has the disadvantage of potential problems 
of complications on the donor sites [23]. In addition, the 
aforementioned methods only focus on coracoclavicular 
ligament reconstruction, without reference to acromiocla- 
vicular ligament reconstruction. 

For acute acromioclavicular joint dislocation, particu- 
larly severe injuries of Rockwood type IV or greater, 
owing to ruptures of the acromioclavicular ligament, 
coracoclavicular ligament and delta-trapezius fascia, 
both static and dynamic stability of the acromioclavicu- 
lar joint are destroyed; therefore, the acromioclavicular 
joint is unstable. The ideal treatment is to reconstruct 
each component of the acromioclavicular joint, that is, 
both the coracoclavicular ligament and the acromioclavi- 
cular ligament. This study presents a novel acromioclavi- 
cular ligament reconstruction technique designed by the 
authors, in combination with a double endobutton tech- 
nique for coracoclavicular ligament reconstruction, to 
treat acute complete acromioclavicular dislocation. A 
double endobutton technique was used to restore the 
function of the conoid ligament anatomically, and its 
strength and stiffness exceeded the native ligament com- 
plex by approximately 40% [8,24], which provided good 
instant stability and enhanced the ligaments endurance 
to cyclic loads. The weight of the upper limb and the 
loads produced by activities are distributed onto two 
button plates, which reduce the risk of clavicle or corac- 
oid fractures. The plate of the endobutton is very thin, 
and this low-profile design reduces irritation of the sur- 
rounding tissues by the implants. The loop on the endo- 
button is a knotless design, which avoids soft tissue 
reactions caused by knotting. Such a method allows a 
certain motion in the acromioclavicular joint during ab- 
duction and elevation of the shoulder, which is in agree- 
ment with the physiological characteristic that the 
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acromioclavicular joint belongs to amphiarthrosis [25]. 
Moreover, this method can be developed to provide an 
arthroscopic minimally invasive operation using suitable 
technology and equipment, and many studies report that 
arthroscopically endobutton reconstruction achieves sat- 
isfactory efficacy [25-27]. 

There are few studies reported in the literature regard- 
ing acromioclavicular joint reconstruction. Two previous 
studies selected the bone hole in the clavicle during cor- 
acoclavicular ligament reconstruction as the clavicular 
insertion site for acromioclavicular ligament reconstruc- 
tion [19,28]. This bone hole is about 20 to 25 mm medially 
from the acromioclavicular joint, while the anatomical dis- 
tance between the clavicular insertion of the normal acro- 
mioclavicular ligament and the acromioclavicular joint 
was 5.2 mm (women) and 7.6 mm (men) [29]. A longer 
distance between the clavicular insertion and acromial in- 
sertion of the ligament leads to poorer horizontal stability. 
In this study, the insertion site of the clavicle and acro- 
mion was reduced to within 8 mm, which was approxi- 
mate to the anatomical position, to achieve better stability. 

Conclusions 

This study used the double endobutton technique of 
coracoclavicular ligament reconstruction to restore verti- 
cal stability, and acromioclavicular ligament reconstruc- 
tion with suture anchors to restore horizontal stability. 
Preliminary follow-up results for the ten patients indi- 
cated that the method significantly relieved pain, effect- 
ively improved the function of shoulder, which provided 
an effective surgical option for the patients, particularly 
those with acute complete acromioclavicular dislocation. 
Long-term follow-up and biomechanical testing of hu- 
man specimens should be carried out to investigate the 
effect of this surgery on reduced incidence of long-term 
complications, such as acromioclavicular arthritis, and 
on whether the implanted reconstruction materials lead 
to instability due to relaxation and extension under cyc- 
lic loads. 

Consent 

Written informed consent was obtained from the patient 
for the publication of this report and any accompanying 
images. 

Abbreviations 

CT: Computerized tomography; PDS: Polydioxanone; SPSS: Statistical Package 
for Social Sciences; VAS: Visual analog scale. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

HL designed the experiments. HL, CW, and JW did and interpreted the 
experiments. KW and DH wrote the manuscript. All authors read and 
approved the final manuscript. 



Acknowledgements 

This work was supported by the Key Project for Medical Science from the 
Shanghai Committee of Science and Technology, China (Grant No. 
11411952402). 

Received: 23 July 2013 Accepted: 30 October 2013 
Published: 13 November 2013 

References 

1. Mazzocca AD, Arciero RA, Bicos J: Evaluation and treatment of 
acromioclavicular joint injuries. Am J Sports Med 2007, 35:316-329. 

2. Macdonald PB, Lapointe P: Acromioclavicular and sternoclavicular joint 

injuries. Orthop Clin North Am 2008, 39:535-545. viii. 

3. Collins DN: Disorders of the acromioclavicular joint. In The Shoulder. 
Volume 1. 4th edition. Edited by Rockwood CA, Matson FA, Wirth MA, 
Lippitt SB, Fehringer EV, Sperling JW. Philadelphia: Saunders Elsevier; 
2009:453-526. 

4. Rios CG, Mazzocca AD: Acromioclavicular joint problems in athletes and 
new methods of management. Clin Sports Med 2008, 27:763-788. 

5. Ladermann A, Grosclaude M, Lubbeke A, Christofilopoulos P, Stern R, Rod T, 
Hoffmeyer P: Acromioclavicular and coracoclavicular cerclage 
reconstruction for acute acromioclavicular joint dislocations. J Shoulder 
Elbow Surg 201 1,20:401-408. 

6. Kim SH, Lee YH, Shin SH, Lee YH, Baek GH: Outcome of conjoined tendon 
and coracoacromial ligament transfer for the treatment of chronic type 
V acromioclavicular joint separation. Injury 2012, 43:213-218. 

7. Debski RE, Parsons I, Woo SL, Fu FH: Effect of capsular injury on 
acromioclavicular joint mechanics. J Bone Joint Surg Am 2001, 83:1344-1351. 

8. Struhl S: Double endobutton technique for repair of complete 
acromioclavicular joint dislocations. Tech Shoulder Elbow Surg 2007, 8:1 75-1 79. 

9. Constant CR, Murley AH: A clinical method of functional assessment of 
the shoulder. Clin Orthop Relat Res 1987, 214:160-164. 

10. Beitzel K, Sablan N, Chowaniec DM, Obopilwe E, Cote MP, Arciero RA, 
Mazzocca AD: Sequential resection of the distal clavicle and its effects on 
horizontal acromioclavicular joint translation. Am J Sports Med 2012, 
40:681-685. 

1 1 . Klimkiewicz JJ, Williams GR, Sher JS, Karduna A, Des Jardins JD, lannotti JP: 
The acromioclavicular capsule as a restraint to posterior translation of the 
clavicle: a biomechanical analysis. J Shoulder Elbow Surg 1 999, 8:1 1 9-1 24. 

12. Lee K-W, Debski RE, Chen C-H, Woo SL-Y, Fu FH: Functional evaluation of 
the ligaments at the acromioclavicular joint during anteroposterior and 
superoinferior translation. Am J Sports Med 1997, 25:858-862. 

13. Gong X, Jiang C, Wang M: Diagnosis and treatment of acromioclavicular 
joint dislocation. Chin J Orthop 2005, 4:240-244. 

14. Baker JE, Nicandri GT, Young DC, Owen JR, Wayne JS: A cadaveric study 
examining acromioclavicular joint congruity after different methods of 
coracoclavicular loop repair. J Shoulder Elbow Surg 2003, 12:595-598. 

15. Gstettner C, Tauber M, Hitzl W, Resch H: Rockwood type III 
acromioclavicular dislocation: surgical versus conservative treatment. 
J Shoulder Elbow Surg 2008, 1 7:220-225. 

16. Nadarajah R, Mahaluxmivala J, Amin A, Goodier D: Clavicular hook-plate: 
complications of retaining the implant. Injury 2005, 36:681-683. 

17. Kumar S, Penematsa S, Selvan T: Surgical reconstruction for chronic 
painful acromioclavicular joint dislocations. Arch Orthop Trauma Surg 
2007, 127:481-484. 

18. Deshmukh AV, Wilson DR, Zilberfarb JL, Perlmutter GS: Stability of 
acromioclavicular joint reconstruction biomechanical testing of 
various surgical techniques in a cadaveric model. Am J Sports Med 
2004, 32:1492-1498. 

19. Grutter PW, Petersen SA: Anatomical acromioclavicular ligament 
reconstruction a biomechanical comparison of reconstructive techniques 
of the acromioclavicular joint. Am J Sports Med 2005, 33:1 723-1 728. 

20. Costic RS, Labriola JE, Rodosky MW, Debski RE: Biomechanical rationale for 
development of anatomical reconstructions of coracoclavicular 
ligaments after complete acromioclavicular joint dislocations. Am J Sports 
Med 2004, 32:1929-1936. 

21. Jari R, Costic RS, Rodosky MW, Debski RE: Biomechanical function of 
surgical procedures for acromioclavicular joint dislocations. Arthroscopy 
2004, 20:237-245. 

22. Tauber M, Gordon K, Koller H, Fox M, Resch H: Semitendinosus tendon 
graft versus a modified Weaver-Dunn procedure for acromioclavicular 



Li et a I. European Journal of Medical Research 2013, 18:42 
http://www.eurjmedres.eom/content/1 8/1 /42 



Page 8 of 8 



joint reconstruction in chronic cases: a prospective comparative study. 

Am J Sports Med 2009, 37:181-190. 

23. Freedman JA, Adamson GJ, Bui C, Lee TQ: Biomechanical evaluation of the 
acromioclavicular capsular ligaments and reconstruction with an 
intramedullary free tissue graft. Am J Sports Med 2010, 38:958-964. 

24. Wei H-F, Chen Y-F, Zeng B-F, Zhang C-Q, Chai Y-M, Wang H-M, Lu Y: Triple 
endobutton technique for the treatment of acute complete acromiocla- 
vicular joint dislocations: preliminary results. Int Orthop 201 1, 35:555-559. 

25. Zhao L, Zhang Y, Yin Z, Shi L, Wang L, Xue Q: The early results of total 
arthroscopic double endobutton technique for acute acromioclavicular 
joint dislocation. Chin J Joint Surg 2010, 4:18-24. 

26. Wellmann M, Zantop T, Petersen W: Minimally invasive coracoclavicular 
ligament augmentation with a flip button/polydioxanone repair for 
treatment of total acromioclavicular joint dislocation. Arthroscopy 2007, 
23:1132. e1 131-1 132. el 135. 

27. Venjakob AJ, Salzmann GM, Gabel F, Buchmann S, Walz L, Spang JT, Vogt S, 
Imhoff AB: Arthroscopically assisted 2-bundle anatomic reduction of 
acute acromioclavicular joint separations 58-month findings. Am J Sports 
Med 2013, 41:615-621. 

28. Carofino BC, Mazzocca AD: The anatomic coracoclavicular ligament 
reconstruction: surgical technique and indications. J Shouider Eibow Surg 
2010, 19:37-46. 

29. Renfree KJ, Riley MK, Wheeler D, Hentz JG, Wright TW: Ligamentous 
anatomy of the distal clavicle. J Shoulder Elbow Surg 2003, 12:355-359. 



doi:1 0.1 1 86/2047-783X-1 8-42 

Cite this article as: Li et at Restoration of horizontal stability in 
complete acromioclavicular joint separations: surgical technique and 
preliminary results. European Journal of Medical Research 2013 18:42. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



